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Abstract 
Development of dielectric materials for microwave frequencies is increasing with rapid progress in mobile and satellite 
communications systems, where zinc-titanates have found application due to their semi-conducting and dielectric 
properties. The aim of this work is synthesis of orthotitanate Zn2TiO4 with a spinel structure in low temperature. Starting 
powder mixtures of ZnO and TiO2, in the molar ratio that is in accordance with the stoichiometry of zinc titanate spinel 
type Zn2TiO4 and then, Sintered in the range of 1000-1200 ºC. After that, for production of ultra fine powder the blend 
was grinded by fast milling (mechanical activation) for 15 minutes. Microstructural analysis and morphology were 
characterized by scanning electron microscopy which equipped with energy dispersive X-ray analyzer (SEM/EDS), also 
for mineral phases distinguishing was used X-Ray diffraction patterns(XRD) and measurement of particles and their 
distribution was done by Laser particle size analyzer(LPSA). The results indicated reaction between ZnO and TiO2 started 
above of 1000 ºC. According to SEM, XRD and LPSA analysis ultra fine(sub-micron) powder of orthotitanate Zn2TiO4 
with spinel structure were obtain. 
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1. Introduction 
First investigations of a binary oxide system consisting of ZnO and TiO2 introducing a phase diagram were 
conducted by Dulin and Race 1960 [1]. Three compounds are known to exist in the ZnO-TiO2 system: 
Zn2TiO4 spinel orthotitante (cubic), ZnTiO3 perovsikte meta-titanate (hexagonal) and Zn2Ti3O8 (cubic). 
Yamaguchi et al. [2] clarified that Zn2Ti3O8 is a low-temperature form of ZnTiO3 only with a cubic unit cell.  
The applications for zinc titanates were at that time mostly paint pigments and fusion cast thermistors. 
Zinc- -4].  
Nowadays, due to the development of microwave dielectrics, zinc-titanates can be used as dielectric 
resonators and filters in microwave devices [5-6].  
Orthotitanate with a spinel structure and cubic lattice is considered the most stabile form of three 
compounds that coexist in the phase diagram of the ZnO-TiO2 system and as a high temperature titanate form, 
it was widely investigated [4]. 
It is well known that materials properties depend on synthesis routes, governed by the synthesizing 
conditions, through their physical and chemical properties [7]. As a low-temperature sintering method is a 
desirable way for obtaining microwave dielectrics, the sintering temperature as the main parameter, can be 
significantly lowered without adding any external agent if zinc titanate is prepared in a ultra fine powder form. 
So, in this research, synthesis of sub-micron of Zn2TiO4 powder which obtained at low temperature after 
fast milling has been reported. 
2. Experimental Procedure 
The starting materials were commercially available ZnO ( >99.5% Merck 108849) and TiO2 ( > 99.5% 
Merck 100808). Appropriate amounts of the compositional constituents in ratio 66 mol% ZnO and 33 mol% 
TiO2, that corresponded to the demanded stoichiometric ratio 2:1 were weighed out and the powder mixture 
was afterwards placed in aluminum oxide vessels and then sintered in lab kilns in 1000-1200 ºC for 6 h. For 
production of  ultra fine powder the blend was grinded by fast milling for 15 minutes. 
Ultra fine powder obtained after grinding by the fast mill that the model of it was MICROFAST-1000). 
X-ray diffraction patterns of the powder mixtures after milling were obtained using a PHILIPS Company 
(PW3710). 
The morphology of obtained powders was characterized using scanning electron microscopy(VEGA// 
TESCAN-15.00 kV). 
To measure particles and their distribution was used laser particle size analyzer(Hydro 2000MU  Malvern). 
3. Results and Discussion 
Results shown in fig. 1 are X-ray diffraction patterns fast milled ZnO and TiO2 powder mixture. ZT-1000 
is the X-ray pattern of the mixture that contains ZnO and TiO2 after sintering at 1000 ºC. An insignificant 
amount of a rutile phase is also present in the mixture as a common impurity of the anatase phase. But, the 
peak intensity of ZnO at 1100 ºC (ZT-1100) and 1200 ºC (ZT-1200) is reduced. Intensities of ZnO and TiO2 
peaks are lower, while Zn2TiO4 peaks are growing. The diffraction pattern of the powder ZT-1200 shows an 
almost clear existence of a Zn2TiO4 phase with spinel structure(Crystal system: Cubic and Space group:Fd-
3m).  
Scanning electron microscopy(SEM) images of ZT-1200 on Fig. 2 indicate irregular shaped sub micron 
particles, and agglomerates with a size of approximately a few microns are general characteristics for this 
powder. Also, the main phase is Zn2TiO4. 
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Fig. 1. X-ray diffraction patterns fast milled ZnO and TiO2 powder mixture after sintered at 1000,1100 and 1200 ºC 
 
    
Fig. 2. Scanning electron micrographs of ZT-1200 powder after sintering at 1200 ºC 
Regardless to the previous conclusion made from the analysis based on XRD results in which is pointed 
out that unreacted ZnO and TiO2 are still present in ZT-1100 powders besides Zn2TiO4 particular phases 
cannot be distinguished without EDS analysis, so, microchemical analysis by energy dispersive X-ray 
analysis (SEM/EDS)  in Fig. 3 indicated the main phases is Zn2TiO4. 
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Fig. 3. Microchemical analysis(SEM/EDS) of the sample ZT-1200 
Laser particle size analyzer shows the exact size of particles. Fig. 4 is related to particle size distribution  




Fig. 4. Particle size distribution curve of ZT-1200  
Table 1. Grain size of ZT-1200 
LPSA ZT-1200 
D(10) 0.970 μm 
D(50) 2.581 μm 
D(90) 6.729 μm 
 
The average particle size estimated from SEM is similar with the average particle size LPSA data. However, 
the ceramics which are synthesized by a solid state exhibit many undesirable characteristics: large particle 
size and wide particle size distribution. So, Ultra fine powder obtained after grinding by the fast mill. 
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4. Conclusion 
Reaction between ZnO and TiO2 started above of 1000 ºC and the peak intensity of their is reduced while 
Zn2TiO4 peaks are growing. Fast grinding causes which ultra fine powder obtained. The main conclusion 
based on this synthesis is that Zn2TiO4 ceramics can be obtained in low temperature without adding any 
external agent. Finally, presented SEM and X-ray analyses of ZT-1200 showed advantageous micro- 
structures, with the appropriate pores/materials ratio and good candidates for application in electronic industry 
as well as chemical industry as catalysts and colour pigments. 
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